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Abstract
The electroweak corrections at one-loop level to the process
H → tt¯ are calculated, especially the fresh top mass value
announced recently by CDF is concerned. For MH < 1.T eV
where a perturbative calculation is valid, the corrections
themselves would gain a few to 20 percent increment in the
decay width as the Higgs mass MH is increasing within the
region, but they are in opposite direction to the QCD ones.
If the electroweak and QCD corrections are concerned in the
meantime, the resultant decay width of the mode yields a
reduction about a few percent of the tree level one.
PACS number(s): 12.38.Bx; 14.80.Dq; 11.10.Gh; 12.15.Ji
1Mailing address.
1. Introduction
To search for Higgs boson [1] and top-quark [2] is one of the goals for the next
generation colliders such as CERN LEP200 and Large Hadron Collider (LHC), as
the two particles are indispensible in the nowaday promised standard model (SM).
Even before having the colliders constructed, a tremendous amount of energy has
already been, and continues to be, devoted to theoretical and experimental studies
on searching for signatures of the two particles. For the Higgs boson, the four
experiments at LEP-I, the CERN e+e− collider have recently placed a lower direct
bound of MH ∼ 57GeV at 95% C.L.[3]. With regard to the top-quark, a direct
SM lower bound of its mass, mt ∼ 113GeV , has been obtained from the Collider
Detector at Fermilab (CDF) experiments [4]. Indirect upper bounds for mt and MH
can be predicted by the SM theory based on quantum loop phenomenology. It is well
known that heavy top-quark loop corrections to certain low-energy and electroweak
(EW) observables (for example, the ρ parameter) are proportional to m2t , and thus
the quantum effects are quite sensitive to mt. The SM consistency of all the low-
energy experimental data requires mt < 182GeV at 95% C.L., with a center value of
mt = 125± 30GeV [5]. However, when we had just compiled the revised version of
this paper, a news came out that CDF collaboration published their new evidence
and analysis on the top searching. They suggested in their preprint that the top
mass should be as follows[21]
mt = 174± 10+13−12GeV.
Therefore keeping the original aspect of the paper as much as possible, we have
added the numerical calculation on the relevant and interest observables with the
fresh top mass in the present version (see Fig.7).
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Of the loop corrections due to a heavy Higgs, the mass dependence behaves as
ln(MH/MW )
2 in the SM. This is the famous one-loop “screening rule” first recognized
by Veltman [6]. Since the dependence of quantum loop effects on the heavy Higgs
boson is only logarithmic, low-energy observables are not very sensitive to MH .
However, it was pointed out some time ago by Dicus and Mathur [7] and Lee, Quigg,
and Thacker [8] that MH could be bounded by requiring the interaction of Higgs
sector of SM being weak and by using a constraint on the magnitude of partial-wave
scattering amplitude arisen from S-matrix being unitary. They obtained the tree-
level bound MH ∼ 1.0TeV . Later, their analysis has been extended to the levels of
one loop and two loops by several authors [9][10], but the result has been shown in a
different way that the coupling starts becoming strong aroundMH ≥ 516 ∼ 550GeV ,
i.e. the ‘unitary constraint’ on MH is to be interpreted in terms of a transition of
the coupling from weak to strong, rather than as upper bounds on the Higgs mass.
In this paper we are interested in a quite heavy Higgs boson, MH > 2mt. In the
considering case, the decay mode, Higgs boson into a heavy tt¯ pair, may become
dominant. Therefore a careful study of this decay mode is requested and higher
order corrections should be considered. The QCD corrections to one loop order of
the process have been computed precisely, and to sum up the corrections up to all
orders under the leading-logarithm approximation as well, has been also made in
literature[11]. At the first sight the EW corrections, screened by the comparatively
large QCD corrections, can not be important. However, since the Higgs sector inter-
action becomes stronger as the Higgs becomes heavier, in the considering case the
EW corrections may not be ignored, thus should be taken into account seriously.
Hence it becomes interesting to see how the magnitudes of the one-loop EW correc-
tions depend on MH even just in the region we are focusing here, and whether these
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magnitudes suggest the break down of unitary condition.
2. Calculations
The lowest-order width of the decay H → tt¯, corresponding to the diagram
Fig.1(a), is denoted
Γ0 =
3αM2Zm
2
tMH
8(M2Z −M2W )M2W
β3 (1)
where β = (1− 4m2t/M2H)1/2 is the usual kinematic factor.
The EW corrections to H → tt¯ arise from the digrams of Fig.1-3, including
counterterms.
We calculated these diagrams in the ’t Hooft-Feynman gauge, regulated all the
ultraviolet and infrared divergences by calculating in 4−2ǫ dimensions, and adopted
the on-mass-shell renormalization scheme in which the fine-structure constant α and
the physical masses are chosen to be the renormalized parameters. The finite parts
of the counterterms are fixed by the renormalization conditions that the fermion
propagators have poles at their masses.
With the above scheme, and by defining the renormalization constants as below:
e0 = e + δe,
M2Z0 =M
2
Z + δM
2
Z ,
M2W0 =M
2
W + δM
2
W ,
mt0 = mt + δmt,
H0 = Z
1
2
HH = (1 + δZH)
1
2H,
ψt0 = Z
1
2
t ψt = (1 + δZ
R
t ω+ + δZ
L
t ω−)
1
2ψt,
4
where ω± =
1
2
(1± γ5), the contribution from Fig.1 can be expressed as
M1 = u¯(p1)(G+ δG)v(p2) = G(1 +
δG
G
)u¯(p1)v(p2), (2)
where
G = − ie
2sW
mt
MW
, (3)
δG
G
=
δe
e
− 1
2
c2W
s2W
(
δM2Z
M2Z
− δM
2
W
M2W
)− 1
2
δM2W
M2W
+
δmt
mt
. (4)
The contribution from Fig.2 can be expressed as
M2 = G(δZ
(v)u¯(p1)v(p2) + δZ
(a)u¯(p1)γ5v(p2)), (5)
where
δZ(v) =
1
2
(δZRt + δZ
L
t ) +
1
2
δZH , (6)
δZ(a) =
1
2
(δZRt − δZLt ) + · · · , (7)
where ‘· · ·’ means the contribution from Fig.2(e,f). The contribution of Fig.2(g)
turns out to be zero due to the gauge invariant. The contribution from Fig.3 can
be expressed as
M3 = u¯(p1)GV v(p2) = G
(v)
V u¯(p1)v(p2) +G
(a)
V u¯(p1)γ5v(p2). (8)
The total renormalized amplitude may be obtained by summing Eqs.(2, 5, (8).
The renormalized decay rate up to next order α, i.e. one loop level of EW corrections,
and that of a real photon emitting as Fig.4, is given by the following formula:
Γ =
|M1 +M2 +M3|2
|u¯(p1)Gv(p2)|2 · Γ0 + Γrad
= [1 + 2Re(
δG
G
+ δZ(v) +
G
(v)
V
G
)] · Γ0 + Γrad. (9)
Here the term
G
(v)
V
G
is due to the contribution of the so-called ‘weak’ vertex loop
corrections shown in Fig.3, except the virtual photonic loop diagram Fig.3 (1),
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although the photonic loop contribution to top self-energy is also subtracted in
counter term δZ(v). All the photonic loop contribution is treated together with that
of a real photon emitting (shown in Fig.4), and as a common ‘QED correction’ we
denote it as Γrad. Calculations show that
δG
G
=
α
4π
(
1
4πµ2
)ǫ{[ 17
24c2W
+
9
8s2W
−
1
4c2W s
2
WM
2
Z
3∑
j=1
(m2l,j + 3m
2
u,j + 3m
2
d,j)−
1
8c2Ws
2
WM
2
Z
3∑
j=1
(K3jK
†
j3m
2
d,j)
+
1
2c2Ws
2
WM
2
Z
3∑
j=1
(K3jK
†
j3md,jmt)]∆(ǫ)UV + finite part}, (10)
δZ(v) =
α
4π
(
1
4πµ2
)ǫ{[− 1
72c2W
− 3
8s2W
+
1
4c2W s
2
WM
2
Z
3∑
j=1
(m2l,j + 3o
2
u,j + 3m
2
d,j)
+
1
8c2W s
2
WM
2
Z
3∑
j=1
(K3jK
†
j3m
2
d,j)]∆(ǫ)UV −
8
9
∆(ǫ)IR + finite part}, (11)
G
(v)
V
G
=
α
4π
(
1
4πµ2
)ǫ{[− 25
36c2W
− 3
4s2W
− 1
2c2Ws
2
WM
2
Z
3∑
j=1
(K3jK
†
j3md,jmt)]∆(ǫ)UV
+
4L
9
1 + β2
β
∆(ǫ)IR + finite part}, (12)
where L = ln((1+β)/(1−β)) and j is the generation number. We have distinguished
the divergences of ultraviolet origin from those of infrared origin with a subscript,
and the long expressions of the finite parts have been suppressed.
The most important contribution comes from δZH , which is calculated from
Fig.2(c,d):
δZH =
α
4π
(
1
4πµ2
)ǫ{
3∑
j=1
m2l,j
2s2WM
2
W
[∆(ǫ) + F (M2H , ml,j, ml,j) +M
2
HF
′(M2H , ml,j, ml,j)]
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+
3∑
j=1
3m2u,j
2s2WM
2
W
[∆(ǫ) + F (M2H , mu,j, mu,j) +M
2
HF
′(M2H , mu,j, mu,j)]
+
3∑
j=1
3m2d,j
2s2WM
2
W
[∆(ǫ) + F (M2H , md,j , md,j) +M
2
HF
′(M2H , md,j, md,j)]
− 1
s2W
[∆(ǫ) + F (M2H ,MW ,MW )− (3M2W −M2H +
M4H
4M2W
)F ′(M2H ,MW ,MW )]
− 1
2s2W c
2
W
[∆(ǫ) + F (M2H ,MZ ,MZ)− (3M2Z −M2H +
M4H
4M2Z
)F ′(M2H ,MZ ,MZ)]
+
9
8s2W
M4H
M2W
F ′(M2H ,MH ,MH) +O(ǫ)}, (13)
where
F (s,m0, m1) =
∫ 1
0
dx ln
x2s− x(s−m20 +m21) +m21 − iǫ
µ2
(14)
and
F ′(s,m0, m1) =
∂F (s,m0, m1)
∂s
. (15)
To get rid of the infrared divergences and complete the calculation of the total
decay rate, we calculated the decay and the radiative decay H → tt¯γ together
as mentioned above. To match the common calculations of QED[11], in which a
infrared regularization by introducing a tiny mass of photon is adopted and being
different here, we divide artificially the photon into hard and soft with a criterion
energy λ, so that it is easy to complete the match of ours and theirs at the energy of
photon. The λ dependence cancels finally if summing the hard and soft contributions
as well as those of the two concerned processes, which all are matched well at the
photon energy λ. The result summed as above is [11]:
Γrad/Γ0 =
α
4π
(
1
4πµ2
)ǫ{(16
9
− 8L
9
1 + β2
β
)∆(ǫ)IR +
64
9
− 2
3
1 + β2
β2
+
64
9
ln
mt
MH
− 64
9
ln β + (
8
3β
+
(1− β2)2
3β3
)L+
8
9
1 + β2
β
·
[−L
2
2
+ 4L ln
1 + β
2
− 2L lnβ − 2L ln 1 + β
2
ln
1− β
2
+
7
6Sp(
1 + β
1− β )− 4Sp(
1− β
2
)− 2π
2
3
]}, (16)
where Sp(x) = − ∫ x0 (dt/t)ln(1 − t) is the Spence function. From Eqs.(9-16), one
may see that the ultraviolet and infrared divergences have canceled as they should.
3. Results and Discussions
For the numerical evaluation, we use following the set of independent parameters
which are currently known with the highest experimental accuracy[12]:
α = 1/137.0359895, GF = 1.16637× 10−5GeV −2, MZ = 91.175GeV,
me = 0.51099906MeV, mµ = 0.10565839GeV, mτ = 1.7841GeV,
mu = 41MeV, md = 41MeV, ms = 150MeV,
mc = 1.5GeV, mb = 4.5GeV.
The masses of the light quarks are chosen such as that the experimentally de-
termined hadronic vacuum polarization is reproduced[13]. The mass of W-boson is
induced from these parameters, and the muon decay measured width to the theo-
retical calculations with the radiative and up to one-loop weak corrections[14]. This
yields a more precise value of MW , sW , and further, the lowest-order cross sections
(or widths) will depend on mt and MH through MW and/or sW if the laters appear
in the formulas of the concerned processes. In our calculation, MW is determined:
M2W (1−
M2W
M2Z
) =
πα√
2GF (1−∆r)
, (17)
where ∆r involves the weak and radiative corrections to the muon decay[14]. Ac-
cording to Ref.[15],
∆r ≃ 0.0696− 3α
16π
c2W
s2W
m2t
M2W
+
11α
48πs2W
ln
M2H
M2W
(18)
for m2t ≫ M2W and M2H ≫M2W .
In Fig.5, we present the EW corrections to the decay rate Γ/Γ0(H → tt¯) for a
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130-GeV top-quark, and compare it with the separated QED corrections and the
QCD corrections taken from Ref[11].2
The EW corrections are in opposite direction to the QCD corrections. The
EW corrections have a tendency to broaden the decay width being sizable, due to
large mt and MH in our discussion. In the range of Higgs mass MH ≤ 1.T eV ,
the EW and QCD corrections are comparable in magnitude and nearly cancel each
other. Finally the total corrections just reduce to a few percent. However for the
range MH > 1.T eV , the EW corrections exceed the QCD corrections in magnitude
gradually, because some diagrams of the EW corrections involve the self coupling of
the Higgs, and it is proportional to M2H ( the vacuum expectation value of the EW
spontaneous breaking is fixed in SM at all ), so the EW corrections arise rapidly,
while in contrary, of the QCD corrections, there is no such a factor at all. In fact, the
large magnitude of EW corrections at MH > 1.T eV only suggests that the ‘weak’
interaction, as pointed out just now, has indeed become strong, and means the
perturbation calculation is invalid. We calculated the corrections out and put the
numerical results in Fig.5, here even those range are involved out off the calculations
being valid, just only for a reference. Intuitively one may understand the results
in another way that the fermions and the Higgs will not decouple even when the
masses of them are approaching to infinity, due to the fact that the Higgs itself
coupling is proportional to the Higgs mass squared and the one of Higgs to fermion
pair proportional to the fermion mass respectively, while the QCD corrections are
always controlled by the decouple theorem, and behave in the manner dominated
by logarithmic terms such as ln mt
MW
.
2 Throughout the paper, various top masses are still discussed not only for keeping the original aspect
of the paper as much as possible in present version but also for comparing our calculations with others’
calculations directly, although a fresh top mass value has been presented by CDF collaboration.
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Note that there would be a spike at the threshold MH = 2mt if one just stopped
at one loop level corrections. It arises from the occurrence of β−1 in the QED one
loop correction. At a place very close to the threshold, one would clearly have to
add all terms in the form as (α/β)n, so as to obtain a reliable result. Schwinger has
shown that this summation is equivalent to the use of an 1/r potential to describe
the electric interactions between the quark and the antiquark[16]. Actually the
Eq.(16) can not be used in the Higgs mass range near the tt¯ threshold. In the case
near the threshold, to pursue a correct result one must do whole perturbative QED
calculation and sum up such leading terms. Being not what we are interested in
here, we avoid the problem and present the results not so close to the threshold. The
same thing happened in the QCD one-loop calculation. The QCD curve, we present
in Fig.5, is the leading-logarithm approximation results which have been obtained
with β → 1 too.
In order to compare the calculations here with the earlier ones we plotted the
various decay rates of H → tt¯ for a 100-GeV top-quark, a 130-GeV top-quark and
a 150-GeV top-quark respectively in Fig.6. In the figure the decay rates obtained
from a tree level, those from one-loop EW corrections concerned only and those from
both the EW (up to one-loop) and the QCD (up to LLA) corrections concerned are
presented with the dotted, the dashed and the solid curves respectively. Being a
bone of the paper, the corresponding ‘weak’ one-loop corrections δΓ to the tree level
width of the process H → tt¯ as a function of Higgs mass are presented in Fig.7 for
various possible top masses, especially, the fresh one.[21]
For comparison, we would like to discuss another parametrization scheme of the
renormalization, called the GF -scheme here, in which the lowest-order expression
is parametrized in terms of GF instead of α. As suggested in Ref.[17], for the
10
processes dominated by mass scales larger than MW , it becomes more appropriate.
In the GF -scheme, Γ
GF
0 is given by
ΓGF0 =
3
4π
GFm
2
tMHβ
3. (19)
From Eqs.(1, Eq.17), and Eq.(19), we have the relation between the two schemes
ΓGF0 = Γ0/(1−∆r), (20)
Γ = Γ0(1 + δEW ) = Γ
GF
0 (1 + δ
GF
EW ). (21)
Then approximately we have
δGFEW = δEW −∆r. (22)
The EW corrections in a GF -scheme δ
GF
EW is compared with δEW in Fig.8, which
indicates that a considerable reduction of the EW corrections (about 7%-8%, when
MH < 1TeV ) are obtained in the GF parametrization scheme.
There are similar works in literature such as the calculations done by A. Dabel-
stein, W. Hollik and B. A. Kniehl Refs.[18] [19]. They figured out the weak correc-
tions at mt = 100 GeV, 150 GeV, 200 GeV and 250 GeV respectively. A careful
comparison of our results with corresponding ones in references Ref[18] and Ref.[19]
was made. By changing to the GF -scheme, we can find that our numerical results
are complete coincidence with theirs, but one should note that for an accurate nu-
merical comparison it is necessary to use Eq.(23) instead of approximate Eq.(22),
especially when the value of δW becomes large.
δGFW = δW −∆r − δW∆r. (23)
As the total corrections yield a reduction of a few percent in the width when MH <
1.T eV , it may be feasible to test all the calculations in future experiments, only
11
when the precision of the experimental measurements on the process of H → tt¯ and
its radiative mode is less than few percent and if the Higgs mass is much larger than
the threshold of H → tt¯ decay as well.
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Appendix A. Definitions
We adopt the definitions of one-loop integral functions as
A0(m
2) = −(2πµ)
4−D
iπ2
∫
dDq
1
[q2 −m2] ,
{B0;Bµ;Bµν}(p2, m1, m2) = (2πµ)
4−D
iπ2
∫
dDq
{1; qµ; qµν}
[q2 −m21][(q + p)2 −m22]
,
{C0;Cµ;Cµν ;Cµνρ}(p2, k2, (p+ k)2, m1, m2, m3) =
−(2πµ)
4−D
iπ2
∫
dDq
{1; qµ; qµν ; qµνρ}
[q2 −m21][(q + p)2 −m22][(q + p+ k)2 −m23]
,
in conjunction with the decompositions
Bµ = pµB1,
Bµν = pµpνB21 − gµνB22,
Cµ = pµC11 + kµC12,
Cµν = pµpνC21 + kµkνC22 + (pµkν + kµpν)C23 − gµνC24.
The explicit analytic forms of above functions one can find in references [20].
Appendix B. Vertex corrections
The vertex corrections at one-loop level as shown in Fig.3 can be written in the
form
GV
G
=
15∑
i=1
∆Ti.
where ∆Ti represent the vertex diagrams (i) of Fig.3. The analytic formulae are
listed as the follows:
∆T1 =
α
9π
{DB0(M2H , mt, mt) + [2M2H(C0 + C11)−Dλ2C0
13
− 8m2t (C0 +
3
2
C11 − C12) + 2Dm2t (C11 − 2C12)](m2t ,M2H , m2t , λ,mt, mt)},
∆T2 =
α
144πs2W c
2
W
{4Ds2W (−3 + 4s2W )B0(M2H , mt, mt)
+ [8s2W (4s
2
W − 3)[M2H(C0 + C11)−
D
2
M2ZC0 +m
2
t (DC11 − 4C0 − 6C11)]
+ (2−D)m2t [9(2C12 − C11) + 16s2W (4s2W − 3)C12]](m2t ,M2H , m2t ,MZ , mt, mt)},
∆T3 =
α|K33|2m2b(D − 2)
8πs2W
[C11 − 2C12](m2t ,M2H , m2t ,MW , mb, mb),
∆T4 =
αm2t
16πs2WM
2
W
{−B0(M2H , mt, mt)
+ [M2HC0 + 2m
2
t (C11 − 2C12)](m2t ,M2H , m2t ,MH , mt, mt)},
∆T5 =
αm2t
16πs2WM
2
W
{B0(M2H , mt, mt)
− [M2ZC0 − 2m2t (C11 − 2C12)](m2t ,M2H , m2t ,MZ , mt, mt)},
∆T6 = −αm
2
b |K33|2
8πs2WM
2
W
{−B0(M2H , mb, mb) + [m2b(C0 − C11 + 2C12)
− m2t (C0 + C11 − 2C12) +M2WC0](m2t ,M2H , m2t ,MW , mb, mb)},
∆T7 =
3αM2Hm
2
t
16πs2WM
2
W
[C0 − C11 + 2C12](m2t ,M2H , m2t , mt,MH ,MH),
∆T8 = − αM
2
Hm
2
t
16πs2WM
2
W
[C0 + C11 − 2C12](m2t ,M2H , m2t , mt,MZ ,MZ),
∆T9 = − αM
2
H
16πs2WM
2
W
[2m2b(C0 +
C11
2
− C12)
+ m2t (C11 − 2C12)](m2t ,M2H , m2t , mb,MW ,MW ),
∆T10 = − αM
2
Z
144πc2Ws
2
W
[8Ds2W (−3 + 4s2W )C0 + (2−D)(9− 24s2W + 32s4W )
14
(2C12 − C11)](m2t ,M2H , m2t , mt,MZ ,MZ),
∆T11 = −αM
2
W (D − 2)
8πs2W
(C11 − 2C12)(m2t ,M2H , m2t , mb,MW ,MW ),
∆T12 = − α
32πc2Ws
2
W
{−B0(M2H ,MZ ,MZ) + [4m2t (C0 + C11)
− 2M2HC12)](m2t ,M2H , m2t , mt,MZ ,MZ)},
∆T13 = − α
16πs2W
{−B0(M2H ,MW ,MW ) + [2m2b(2C0 +
C11
2
− C12)
+ m2t (3C11 − 2C12)− 2M2HC12](m2t ,M2H , m2t , mb,MW ,MW )},
∆T14 =
α
32πc2Ws
2
W
{B0(M2H ,MZ ,MZ) + [2m2t (C0 − 3C11 + 2C12)
+ 2M2H(C11 − C12)](m2t ,M2H , m2t , mt,MZ ,MZ)},
∆T15 = − α
16πs2W
{−B0(M2H ,MW ,MW )− [2m2b(C0 + C12 −
C11
2
)
− 2M2H(C12 − C11)− 2m2t (
5C11
2
− C12)](m2t ,M2H , m2t , mb,MW ,MW )}.
In above formulae λ means a small photon mass and D = 4− 2ǫ. The arguments of
C-functions are written at the end of formulae in parenthesis.
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Figure Captions
Fig.1 (a) The tree level diagrams, and (b) the vertex counterterms diagrams.
Fig.2 The diagrams with one loop on the external lines, each shadowed circle
includes all the possible one-loops and the corresponding counterterms.
Fig.3 The one-loop vertex diagrams.
Fig.4 The diagrams with one real photon emission.
Fig.5 The EW corrections to the decay rate of H → tt¯ for a 130-GeV top-quark,
the pure QED corrections, and the QCD corrections[11].
Fig.6 The decay rate of H → tt¯ for a 100-GeV top-quark, a 130-GeV top-quark
and a 150-GeV top-quark. The dotted lines correspond to the decay rates with the
various top masses at the tree level order, the long-dashed lines to those at the one
loop order of EW corrections, and the solid lines to those at the order of EW (one
loop) and QCD (LLA) corrections. The QCD corrections are quoted from Ref[11].
Fig.7 The weak corrections to the decay width of H → tt¯ as a function of Higgs
mass, with various top masses mt = 100GeV, 130GeV, 150GeV and 174GeV respec-
tively and in α-scheme.
Fig.8 The EW corrections in a GF parametrization scheme δ
GF
EW compared with
δEW .
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